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CHAPTER 1

I NTRCDUCTI ON AND OVERVI EW

V. Kerry Snith



I ntroducti on and Overvi ew

This report summarizes the research conpleted under EPA Cooperative
Agreement # CR813564 entitled "Recreational Benefits Transfer Project." The
objective of this research was to review all travel cost recreational demand
model s conpl eted between 1970 and 1986 from published and unpublished sources,
including all Master's and Ph.D. essays that could be identified and obtained.
Fromthis literature a subset of the studies was assenbled for neta-analysis.
The meta-anal ysis sought to develop a statistical summary of the results from
these demand analyses in order to determne the influences of judgnmental and
site-characteristic variables on the consumer surplus estinmates derived and to
gauge the effect of these variables on other measures of demands for recreational
sites. This project was funded under the Innovative Benefit Analysis Program
because the effort was viewed as exploratory. The primary research activities
were undertaken jointly with Dr. Yoshiaki Kaoru, currently an Assistant Soci al
Scientist at Wods Hol e Cceanographic Institution. At the time, Dr. Kaoru was
a graduate student in the Department of Econonics at Vanderbilt University.

As the papers prepared under this agreenment indicate, the research was
quite successful. Statistical summaries were devel oped for sone 77 different
denmand studies for recreational resources, and we conpared the relative
i mportance of variables describing nodeling judgnents with characteristics of
the recreational sites and the activities undertaken at them  Four papers were
prepared with partial support from this Cooperative Agreement. Two of the papers
descri bing our approach have been presented at several universities in the United
States, as well as at Academia Sinica in Taiwan and at a National Bureau of

Econom ¢ Research (NBER) Conference on Data Needs for Econom c Policy Making.
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One of the papers is to be published in a volune from the NBER conference. The
remai nder are currently under consideration for publication. Two have received
prelimnary indications of publication interest, pending suggested revisions

Rather than rewiting the materials devel oped from the research papers in
an alternative technical format, this report is organized into four chapters
followi ng this introductory chapter, which highlights the overall concl usions
of the research. Chapter 2 presents the first paper prepared fromthe research
It describes the conceptual issues associated with using neta-analysis to
summari ze estimtes of the consumer surplus per unit of use across a diverse
range of travel cost demand studies and sumrari zes the findings from our
anal ysi s. Chapter 3 focuses on a subset of the studies used for the neta-
analysis of per-unit benefit measures and considers the feasibility of
summarizing the estinmates for other features of recreation demand (such as the
price elasticity). W used a subset here because it was not always possible to
estimate these price elasticities with the information reported in nmany of the
recreation demand studies.

Because consumer surplus and price elasticity estimtes are thensel ves
random vari abl es, Bockstael and Strand [1987] have enphasized the inportance of
incorporating their properties as estimators into policy analysis. Qur use of
the Newey-West [1987] adjusted covariance matrix in evaluating the effects of
nodel i ng assunptions was one reflection of this influence. Chapter 4 was an
unantici pated byproduct of the theoretical analysis of the properties of our
consuner surplus estimators. |t proposes a new estimtor for devel oping consumer
surplus estimates and evaluates it with some sanpling experinents for a
particular specification of the travel cost demand mpdel. This estimator offers
an alternative to the proposal recently advanced by Adranowicz et al. [1989] for

cases with unstable consumer surplus estimates. Chapter 5 places our findings
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in a sonewhat nore general context, as part of an evaluation of new data needs
for environmental policy making
Several overall conclusions enmerged fromour research activities. They

can be categorized into three broad areas

A Conceptual Fi ndi ngs

Qur theoretical analysis of the issues associated wth measuring consuner
surplus suggested that virtually all consumer surplus estimates will be biased.
This follows because they usually involve nonlinear transformation of estinated
demand paraneters. As a consequence of Jensen's inequality, the consuner surplus
estimates thenmselves exhibit bias even if the specification for the demand node
is correct. Specification errors in denmand analysis sinply conmpound the
difficulties raised by the nonlinear transformation. This inplies that genera
pur pose strategies designed to focus on estimating demand nodels that serve a
variety of purposes or reliance on the existing literature wherein denand
anal yses are developed to serve other purposes (test hypothesis, illustrate new
functional forns or estimators, or highlight the special features of a particular
data set) are not necessarily the best suited for environmental benefit
estimation. These objectives may not be consistent with deriving the nost robust
benefit measures. While this general conclusion was probably recognized by nost
researchers in this area, to our know edge this point has not been specifically
made in the literature.

This point applies not only to the literature on travel cost recreationa
demand nodels, but to all current techniques in use for measuring recreation
benefits, including the nore recent randomutility nodels whether based on logit

or nested logit specifications. In all cases, the benefit neasures involve a

nonl i near transformati on of random variables, which in itself will induce bias
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in the welfare estimates. This suggests that new research in the area shoul d
consider the inplications of nodeling and estimation strategies specifically
designed to acconmplish a broad range of benefit estimation tasks. Research on
the inplications of bottom up versus top down estimates for aggregate benefit
measures, as well as on the devel opnent of "transferrable" models for measuring
consunmer surplus (as opposed to the demand features of recreational resources),
seens highly appropriate. Equally inportant, as Chapter 4 illustrates, it is
possible to develop estimtors designed to focus on consunmer surplus neasurenent
instead of estimation of demand paraneters. While this work is largely
illustrative, it nonethel ess displays how the performance of alternative
estimation strategies can be sensitive to the features of the true demand
structure and the objectives of the analysis.

A further set of conceptual issues resulting fromthe research arises from
the nmeta-analysis. Here we found strong confirmation for systematic variation
in the consuner surplus estinates per unit of use across a w de range of studies.
This systematic variation could be attributed to both the features of the
resources involved and the nodeling decisions nade in estinmating the travel cost
demand nodels for these recreational resour ces. I ndeed, the nost inportant
factors we found bore a close correspondence to the issues identified in the
literature as the nost significant questions in nodeling recreation demand
Thus, the enpirical analysis provides strong confirmation for the inplicit

research agenda that has evolved in recreational demand nodel i ng.

B. Enmpirical Findi ngs
The enpirical analysis suggest that it is possible to sunmarize both the
consunmer surplus estimtes per unit of use and the own-price elasticity of demand

for recreation sites across a wide range of studies. These estinated nodels



i nclude variables for the features of the recreation sites, as well as the
nodel i ng judgnments nade in devel opi ng each of the demand esti nates. After
adj ustnment for the panel nature of our sanple data set, the results display a
remarkable degree of consistency and robustness across alternative
specifications. Wile these are not predictive equations in the sense that they
provide a nechanism for predicting the consuner surplus per unit of use that
woul d arise for each type of recreation site, they can be used as approximate
gauges of the plausibility of estimates derived from transfer exercises or from
specific studies for individual sites. Perhaps nost inportantly, they provide
a basis for judging the degree of maturity in travel cost recreation demand
model s. By appraising the relative inportance of judgnmental versus theoretically
notivated variables, this type of analysis evaluates how nuch our current
estimates are influenced by factors that arise froma priori theory versus those
which represent analysts' adjustments to take account of inconplete data or

model i ng assunptions required for neta-analysis.

C Benefit Transfer Findings

In addition to the first two categories of results, the analysis also has
implications for the process of developing transferrable benefit estinates. The
nost inportant of these inplications is the denonstration that unifying
principles connect quite diverse estimates across nmodeling efforts and widely
varying recreation sites. Because these nodeling efforts were undertaken by
different investigators at very different tinmes with diverse anmounts of

information, this is reasonably strong support for a set of unifying principles

connecting the per unit valuation nmeasures for a wide range of recreationa
resour ces

The nmeta-analysis also forces the analyst to consider the measure used as
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the focus of an enpirical summary. V& considered two -- the consumer surplus
per unit of use and the own-price elasticity of demand. Either could provide
the basis for a benefit transfer analysis used in a policy evaluation.

Anal ysts have tended to use a unit value approach to benefit transfer,
treating the model transfer task as one involving the devel opment or transfer
of a per unit value appropriate to the policy and then dealing with the nunber
of people and units of use affected by the policy as a separate question. By
forcing the selection of a netric for summary, neta-analysis has identified that
consunmer surplus per unit of use need not be the focus for a benefits analysis.
The early benefit-cost anal yses of Harberger [1971] and, indeed, current
eval uations of the effects of cost-reducing technol ogical innovations in
agriculture (following Giliches [1957] early methodol ogy for hybrid corn) rely
on point estimates of demand and supply elasticities. W could easily consider
the use of a price elasticities/local approxinmation approach to estinmating the
benefits froma policy inproving access to a recreation site (i.e. where the
change could be viewed as a price change).

Equally inportant, there is a general issue of how we wish to prepare these
sumaries. Chapter 2 suggests that for well-behaved demand functions, we have
little intuition about the properties of the consunmer surplus per unit to use
in judging the plausibility of differences in estinmates across alternative
studies. Both conceptual and enpirical research is needed here

Finally, perhaps the mpst important conclusion for benefits transfer arises
from the inadequacy of the reporting standards used in nost published research.
Because this is unlikely to change. in the near future, a reorientation in the
research and data acquisition in support of benefit analysis for policy purposes
is clearly warranted. Mre specifically, policy offices need to establish groups

that sunmmarize in a format consistent with the needs of a neta-analysis the
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findings of new enpirical studies as _they are available. By establishing a

consi stent protocol for these summaries, it would be possible to request from
researchers at the time their unpublished or published reports become available
the conpani on supplenentary information needed for neta-analyses. Usually these
are sumary statistics for the variables used in the study, descriptions of
transformations, sanple characteristics, clarifications, etc. Wen the study
is recent, this information is easily available fromresearchers, does not
require that they furnish their conplete data (which may be planned for use in
future research). It is also a nore manageabl e enterprise. After a |apse of
tine and the conpletion of the policy task, these requests are less likely to
be responded to and, in nost cases, the timing does not pernit a response

As policy analyses increasingly rely on using research devel oped for other
purposes and research available on the proverbial "research shelf," it is clearly
essential that analysts set up nechanisns to "define the shelf and maintainit."”
Wth limted resources and an increasing nunber of policies to be eval uated, EPA
and ot her mission-oriented agencies have concluded that they cannot afford to
support research that does not have an inmediate policy relationship. This neans
they must choose the nost inportant questions for these linmited investnments and
rely on information fromthe performng community for all the rest. Wiile an
under st andabl e response, it reinforces the need for research on how to archive
what is being done so it can be systematically used for future policy
eval uati ons. A neta-anal ytic approach forces the systematic collection of
information as it is developed. Exanples of its use for policy issues (outside
econonics) are now naking the popul ar press. For exanple, the July 1, 1989 issue

of The New York Times reported the results of a study indicating a narrowing in

the traditional differences in verbal and mathematics aptitude scores between
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men and woren. |t was based on a nmeta-analysis of different researchers' studies
of these groups' test perfornmances over a number of years.

Increased availability of data, the extensive increase in contingent
val uation surveys for a wide range of environnental resources (see Mtchell and
Carson [1989]), and enhancements in mcro-conputing together nake this task a
reasonably straightforward data nanagement effort. Wthout this effort, benefits
transfer will remain a haphazard and last-minute enterprise that is not fully
infornmed by available research. As such, it progressively will |ose professiona

credibility and fail to systematically learn from past experience.
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Signals or Noise? Explaining the Variation in Recreation Benefit Estinates

V. Kerry Smith and Yoshi aki Kaoru*

| nt roduction

This paper proposes a new nethod for taking stock of what we have |earned
about the benefits users derive from environnental resources. Qur approach uses
econonetric nethods to review the literature. While we have applied this
approach to one class of benefit estimates--enpirical studies using the trave
cost method to estinmate the demand for specific recreation sites, it has genera
rel evance for gauging what has been learned by enpirical research in nany other

areas of economics.}

The research |andscape for benefit estimation has changed dramatically in
the ten years since Freeman wote his influential overview of the field. Freenan
described the notivation for his book as a response to a gap in the literature
on benefit estimation. As he noted, by 1979 there had been "...substantia
research effort devoted to developing a rigorous and unanbi guous definition and
neasure of changes in welfare at the theoretical level..." but "...relatively
little concern for translating the theoretical concepts and definitions into
usabl e, operational enpirical techniques" (p. 15). This situation has changed
especially for applications in the United States. O the 77 travel cost
recreation demand studies analyzed in this paper, 61 were prepared since 1980
Mtchell and Carson identified over 120 contingent valuation studies, nost of

which were conpleted after 1980. A simlar pattern emerges for hedonic property
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val ue studies: of the 35 including information on air pollution, 30 were
avail able after 1980. Certainly the increased role given to benefit-cost
anal yses for evaluating environnental policies in Executive Order 12291 (issued
in February 1981) has contributed to the dramatic expansion in this literature
(see Smith [1984] and Ofice of Policy Analysis, U S. EPA for evaluations).
Nonet hel ess, the available benefit estimates fall short of what is needed for
an increasing array of policy related activities (see Ward and Loom s; Naughton,
Parsons, and Desvousges). I ndeed, the practice of adjusting the results from
one or nore existing studies for a specific type of environnental resource and
using themto value changes in another resource has becone a growing area for
resear ch. Label ed as "Benefits Transfer," this process usually involves two
steps: (1) adjusting or transferring an estimted nodel (or set of per unit
benefit estimates) fromthe situation where it was devel oped to the new
application; and (2) developing an aggregate estimate for the _rel evant popul ation
fromper unit estinmates and other assunptions. Wile judgnent plays an inportant
role in both steps, it has been the principal basis for the first step. Mny
of the published sources used for benefit estimates in policy analysis were not
designed to provide nmeasures of the benefits for a change in the quantity or
quality of a resource. Rather, they were developed to introduce a new nodel
test a hypothesis, evaluate the inplications of specific assunptions, or
illustrate a "new' estimator. Consequently, they nust be adapted for benefit
measurenment. The nature of these nodifications depends upon both the benefit
estimation task and the information reported in the original sources.

Qur findings show a systematic relationship between the estimtes and the
features of the enpirical nodels. We found that both the type of recreation

site involved and the assunptions made in devel oping the enpirical nodels were
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inmportant to the results. W classified the variables used to describe nodels
according to whether they attenpted to reflect specific theoretical issues
associated with individuals' recreation decisions or analysts' judgments needed
to estimate a nodel (e.g., selecting a functional form for the denmand nodel or
maki ng assunptions to conpensate for inadequate data). ldeally, the latter
variabl es woul d not be inmportant determ nants of the variation in benefit
estimates. W found that they are
The specific factors found to be significant determinants of the rea

consunmer surplus per unit of use have direct inplications for research on
househol ds’ recreation decision-making; for further uses of the travel cost
demand nodel; and for the practices used in transferring benefit estimtes
derived fromthis class of nodels to new applications. W describe these
inmplications in the last section of the paper, after developing the background
for this approach in Section Il and describing the data set as well as our

results in Section III.

. [he Role for Statistical Mthods in Developing a Research Synthesis
A Backar ound

The use of statistical methods to develop a research synthesis has a long
hi story. Most of these applications have involved controlled experinents in
psychol ogy, education, or the health sciences. They have focused on consistently
aggregating the results from different controlled experiments. In these cases,
the nmethods are notivated by the desire to avoid the subjective nature of nost
research reviews. At best, the conventional literature review summarizes the
presence or absence of statistically significant effects and, in sonme cases,

conpares the size of estimated effects. Wile nmany of these studies have
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attenpted to draw sone "bottom line" conclusions about what is known (as Light
and Pillener observed), these appraisals often violate sinple statistica

principles in distilling an admittedly conplex array of work. Mor eover, to
develop this type of summary, the reviewer usually nust adapt the nultiple (and
often conplex) features of the studies to fit sone conparable format in order
to propose a consensus judgnent.

Because enpirical research in economcs is wusually not based on
experimental data and may well report nultiple nodels applied to a single data
base, our proposed nethodology is different fromthat used in nost neta anal yses
(see Cordray). It must reflect both the nodeling judgnents (nmade because
controlled experinents are usually inpossible) and the interdependent pane
nature of any sanple of research results. Fortunately, both issues can be
addressed with existing econonetric nethods.

Moreover, the rationale for using an econonmetric framework for synthesizing
the benefit estinates for environnmental resources is nore general. Enpi ri cal
nodel s are conbinations of prior theory and anal yst judgnent. That judgnent
combines at least four elements: the problemor issue the enpirical nodel seeks
to address (e.g., test a hypothesis or estinmate a specific parameter or
quantity); the economc theory of behavior assunmed to be relevant to the problem
the data available to estimate the nodel; and the learning that acconpanies
evaluating the joint effects of functional specification, variable construction,
and the results fromprior nodel fornulations in relationship to the existing
literature

The last of these, sometinmes referred to as specification searches or data

mning, has been widely criticized in the recent econonetric literature. Ve do

not intend to repeat that discussion here. Rather, by view ng nodels as
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the results fromexisting nodels to evaluate the inmportance of such conpronises

for the findings.

B. A Sinple Yodel for Describinag Recreation Denand Structure

The travel cost recreation demand nodel can be described as a derived
demand for a recreation site that contributes to each individual's production
of a recreational activity providing utility (see Deyak and Smith or Bockst ael
and McConnell). As a rule, the specification for these nmbdel s has been largely
a semantic exercise to assist in isolating the relevant arguments for a trave
cost demand model.? W propose using this framework to describe the conponents
of nodeling decisions that may explain the variation in consunmer surplus
estimates across travel cost demand studies.

Consider a sinple utility function specified in terms of the activities

a person wants to consunme, Z,'s, as in equation (1).

U=U(Z,, Zy,...,2) (1)

Each Z, is assunmed to be produced by conbining narket goods, X%;'s;tine,

t; and non-nmarketed commodities, y,'s, as in equation (2). O course, some

activities may not use sone inputs.

zl - fl (x!lo'--t Xats T Yiiveoo y-l) (2)
where Xy,...,Xm - the amounts of the n narketed conmodities used
in the production of 2.
t, - the amount of an individual's time used in the

production of Z,.
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Yireoo Y = the ampunts of the nonmarketed
commodities used in the
production of Z,.
To formally derive the inplications of this nodel for travel cost demand nodels
we need to specify an individual's budget and tine constraints to individua
deci si ons.

Wth each novenent away fromthis fairly general description of the
househol d's choice problem the analyst inposes nore structure on the problem
This structure can arise from observing how househol ds nake decisions or from
i ntrospection. Assunptions about the constraints or features of the utility
function can also focus attention on specific aspects of decision-naking because
these assunptions are considered to be inportant to the problens being addressed
Finally, in mst cases, available information dictates a set of conprom ses that
defines the structure of the nodel

Devel oping a set of hypotheses for the factors that mght influence benefit
estimates from travel cost nodels involves consideration of five types of
deci si ons:

(1) specifying the types of recreation sites:

(2) defining a recreation site, its usage, and the site quality;

(3) modeling the opportunity cost of tine:

(4) describing the role of other sites in producing the recreation

service flows;

(5) ['inking the specification of the demand nodel to an underlying

behavi oral nodel

We use this general specification to consider how the answers provided for each
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issue affect one or nore aspects of existing travel cost studies.

Describing the reasons for variation in consumer surplus estinmates across
sites requires us to consider the rationale for all econonmic nodels. Nbst
econonmi ¢ nmodel s assume that individuals share common behavioral functions with
constant paraneters, except for a set of distinguishing features (such as age
or education). This perspective inplies that individuals have the sanme denand
function for a commbdity or service. However, it recognizes that price and
incone differences, as well as differences in demographic characteristics, can
lead to differences in the actual quantity each person will demand of any
specific commodity.

In principle, the same argunment applies to the neasure we have used to
summarize the travel cost demand estimates across studies--the consuner surplus
(CS) per unit of use (v). Unfortunately, conventional theory does not offer
clear guidance on the properties we nmight expect for this measure, given well-
behaved demand functions. This is easily seen by describing it nore formally
in terns of a demand function, say g (P, I, d, q), with P the travel cost, |
the income, d dermographic or taste variables, and q quality neasures. CS/v can
be defined formally by (3):

P
Cs/v = L(B, P, I, d, @ =[] [glp, I, d, q)/g(B, I, d, q] dp (3)

where P, - current price
P, - choke price
The estimates of consumer surplus fromthe literature are generally for specific
sites or derived fromregional travel cost nodels hypothesized to describe sets
of sites in the sane geographic region. To estimate CS/v requires somne

specification of the variables hypothesized to influence L (.). W used the
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information reported in each study to estimate the consumer surplus per unit that

was representative for a typical user of the site and sanple relevant to each

nodel .

L. Types of Recreation Sites

The first issue inplies that we need a way to define the different types
O services provided by different recreation sites. Mreover, the classification
cannot stop here. An individual's valuation of a site's services will depend
on how these services are used. The household production framework recognizes
a site demand as a derived denmand. Thus, both sources of variation nust be
considered. Unfortunately, our experience with such taxonomes is quite linmted

Cl awson and Knetsch classified recreation sites into three categories--
user-oriented, internmediate, and resource-based. The first type of site included
city and county parks, golf courses, tennis courts, sw ming pools, playgrounds,
etc. Internmediate sites were federal and state reservoirs and parks that provide
hi king, canping, fishing, boating, and hunting. The last category had nationa
mar ket s because their physical characteristics were inportant to the recreationa
activities they supported. In the C awson-Knetsch taxonony, these attributes
contributed to the fishing or hiking activities in ways that cause recreationists
to perceive these activities as distinctive fromthe sane activities undertaken
in state parks

Qur specification attenpts to reflect the O awson/Knetsch perspective, but
is forced by each study’'s site description to be fairly rough. OQur
classification allows a site to satisfy nore than one feature sinultaneously.
A site with a lake may sinultaneously be a state park allow ng hiking and

canping. W have also attenpted to identify the primary activities analysts
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i ndi cated were associated with each site. \ile sone overlap is inevitable,
the association between themis not perfect.

Equal Iy inmportant, these activity variables may also reflect the influence
of analysts' conparative evaluations of the consuner surplus estinates.
Eval uation of enpirical nodels can involve conparing a nodel's consuner surplus
estimates with results fromthe past literature to gauge their plausibility.
Because nost of the commonly accepted estimates of per-unit values have been for
recreational activities, these variables' contribution to our nodels also may
reflect the effects of informal screening rules for nodel selection. Exanples
of the activity-based sources for recreation value estimates include the Water
Resource Council estimates of unit day values, the Sorg/Looms review for the
Forest Service RPA process, and (nmost recently) the Walsh et al. update of the

Sorg/Loonmis precis of the benefits per day of specified recreational activities.

2. Wat is a Recreation Site and How Do W Measure the Use of jt?

The early travel cost literature treated sites as well-defined entities.
Because the travel cost nodel arose from Harold Hotelling' s suggestion to
consider the visitation patterns from concentric zones around a specified site,
this can hardly be surprising (see also Cawson). Mre recently, in applications
to marine recreational fishing in areas with a large array of simlar sites
(e.g., estuaries) or where policy requires a coordinated treatment of a large
nunber of simlar sites (e.g, the effect of acid rain on the Adirondack Lakes),
the definition of what a site is has been less clear-cut. |n response to the
difficulties posted by devel oping separate site demand nodel s under these
conditions, several studies pool data across sites, arguing that their parameters

were approxi mately constant (Sutherland [1982b]) or that site characteristics
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could be explicitly incorporated into the nodel (Vaughan and Russell; Snith and
Desvousges [1985]).

The variabl es used to nmeasure an individual's demand for a site's services
are also inportant in distinguishing the available nodels. This specification
is another exanple of a decision where an _a priori selection of a "best" neasure
is not always apparent. What is apparent, however, is that price nmeasurenent
must be coordinated with quantity measure. Some quantity measures can inply
nonlinearities in the individual's budget constraint. Defining use typically
i nvol ves two considerations--the treatnent of on-site time per trip and the tine
hori zon for decision naking. From the perspective of a season, if y, in
equation (2) represents the use of recreation site k, we might ask if the use
of this site is to be neasured as total tine at the site or if trips and tine-
on-site per trip should be distinguished. For many activities, the "production"
of a day of recreation is conparable to that of a longer stay. Longer trips
simply allow nore of the activity (service flow) to be produced. For ot her
activities, this is not a reasonable assunption. Price per unit of use will
have both fixed and variabl e conponents if use-per-trip is not held constant.
Thus, the neasure selected for quantity will be inportant to the existence of
a conventional Marshallian demand function.® On the basis of these arguments,
we define variables that describe the neasurement of use (i.e., days versus

trips) and the treatnent of on-site-time in the nodels.

3. Qoportunity Cost of Tine

There are a variety of potential specifications for the constraints to
househol d utility maxim zation--technology, inconme, and tinme constraints, The

full income concept, follow ng Becker's original usage, links time and nonetary
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constraints by defining income in terns of earnings and other sources of incong,
Tinme is assuned to be freely substituted in any use, so all uses of time have
the sanme opportunity costs (the wage rate). Aternatively, we mght specify
different opportunity costs, using the wage rates for part-time work (see
Bockstael, Strand, and Hanemann). Yet another possibility specifies different
time constraints and maintains that not all types of tinme can be substituted (see
Smith, Desvousges, and MG vney).

Each formulation will have quite different inplications for the inplicit
price estimated for the use of a recreation site. In this exanple, use
corresponds to one trip to the site. In general, an individual's inplicit price

k, to use a recreation site for a fixed amount of time would be defined as:

k = cdg + e (4)
where: dg - round trip distance to site &.
¢ - vehicle operating cost per mle
¢p - travel time for one round-trip to site &

A - shadow price for travel tine

This inplicit price would vary by the location of the individual and,
potentially, by whether vehicle costs were shared. In the full incone nodel

Ais the wage; the Cesariol Knetsch proposal treats it as a fixed fraction of the
wage; the Bockstael et al. framework maintains that A will depend on the
definition of the marginal time unit for each person and by the degree of contro
he (or she) has over tine allocations. In the different "types of time" nodel

A becones a nonlinear function of the wage rate and ot her paraneters of the

i ndividual's decision process.
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Wth detailed information on the tinme constraints, wage rates, and job
opportunities for individuals, it would be possible to test these nodels.
Unfortunately, the available information generally falls short of inplenenting
any of these frameworks. In fact, the early nodels based on origin zone data
preclude serious consideration of any of these approaches. Consequently, the
literature offers a selection of approximtions. Because wage rates are often
unknown, they nust be estimated.

The time horizon relevant for decision making is itself an issue. This
has becone especially relevant to conparisons of recreation nodels devel oped
using a randomutility framework. In several cases, these nodels seek to explain
decisions on single trips, as if each decision was independent of what has
happened earlier. This forrmulation inplicitly conpresses the tine horizon
underlying a nodel of individual choice, because in nost instances it describes
the problem from a single-trip perspective. Qpportunity costs nust be treated
differently in this context, because the choices for tine uses may be nore
limted with this conpressed decision horizon

Qur neasures of site usage and individual time allocation decisions are
exceptionally limted. Because of these linitations, analysts have usually
proposed informal rules, such as maintaining that opportunity costs are between
one-fourth and one-half the level of the wage rate (Cesario and Knetsch). Qur
anal ysis defines variables that describe how past studies nmeasured the wage rate

and how they described the opportunity cost of travel tine.

4 I f . :
On theoretical grounds, we have little to debate about the rel evance of

substitute prices for nodeling the demand for any commodity, including
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recreation sites. However, this is not the issue that nust be addressed in
impl ementing a travel cost recreation demand nodel . As a rule, nicro leve

surveys include information on the respondents' judgments about their "next best
alternative. "* Thus, in practice, the issue of including substitute prices is
not clear-cut. * It requires determning what sites are actually available and
how potential users perceive alternative sites. As Rosenthal [1987] observed

collinearity between price neasures can yield the appearance of a small role for
substitute prices.* For the nost part, past efforts can be grouped into three
alternatives: (a) excluding any consideration of substitutes (and this has been
the majority of the work); (b) formulating arbitrary indexes of existence of
substitutes using a diverse array of specifications (each with little connection
to micro theory); and (c) including a selection of substitute prices. Based on
this diversity in practice, we have defined a variable to reflect the treatnent

of substitutes.

5. The Behavioral Framework and the Enpirical Mde

The specification of any estinmating nodel introduces inplicit restrictions
that affect how any sanple of actual choices is described. Econom sts working
with recreation demand nodeling are beginning to question how these inplicit
restrictions should be selected. For exanple, Kealy and Bi shop, Bockst ael
Hanemann, and Strand, and other authors argue that these specifications should
follow from a well-defined behavioral nodel, based on a specific functiona
specification for either the direct or the indirect utility function. Fromthese
authors’ perspectives the “leap of faith” that often separates the theory and
enpirical sections of applied papers is inappropriate. A contrasting view of

the process might suggest that because our information is inconplete, we have
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no reason to believe a conplete behavioral description will be better than
starting with a "reduced-form approxination.

An examination of the results from existing studies cannot answer this
guestion, because we do not know the truth. Nonetheless, by examning the
i nfl uence of the demand specification for the consuner surplus estimates, we can
deternmine whether an answer is inportant. To examne the inportance of these
types of judgnents, we grouped the variables used to describe each set of
estimates into two classes--one set reflecting different (but economcally
pl ausi bl e) mai ntai ned hypot heses and a second describing anal yst decisions where
either the economc theory does not provide guidance or linmitations in the
avai | abl e data require assunptions. By testing whether the second set provides
significant determnants of the consumer surplus estinmates, we can gauge the

i mportance of these nore arbitrary nodeling decisions.

[11.  Results

Qur analysis is based on a review of published articles in a wi de array
of journals that included travel cost demand nodels, governnent reports, and
unpubl i shed papers, as well as Masters and Ph.D. theses from 1970-1986. W
identified the studies by surveying all issues of the relevant journals; by
contacting econonists who have devel oped travel cost demand nodel s, governnent
agencies (e.g., the Fish and Wldlife Service, Ofice of Policy Analysis in the
Departnent of Interior, Forest Service Regional Ofices and others) and the
chairpersons of departments of agricultural economcs and econonics for
unpubl i shed papers and graduate student Masters and Ph.D. essays; and by

reviewing the University of Mchigan mcrofilmlistings for the abstracted Ph. D

dissertations in resource econonics. W have attenpted to exclude double entries
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for unpublished Ph.D. theses and subsequently published articles.

W have reviewed approximately 200 studies to determne if they had
empirical estinmates for travel cost recreation demand nodels and provided
sufficient information to estimate the Marshallian consuner surplus per unit of
use. The results reported here relate to 77 studies with either benefit
estimates or sufficient information to derive them The Appendix lists the
studies and the range of consumer surplus estimates in real terms for those with
sufficient information to be included in our final enpirical nodels (colums 6,
7, and 8 in Table 2). Using all 77 studies, there are 734 observations for our
anal ysi s. However, as we discuss further below, there is not conplete
information on all variables. Several studies are responsible for nultiple
observations because they reported results that varied: t he denmand nodel s'
functional form the nmintained assunptions; estimators; and definition for the
recreation sites. Consequently, our sanple resenbles a panel data set and this
feature must be reflected in how we analyze these data

Qur enpirical nodel hypothesizes that the variation in benefit estinates
arises fromthe theory underlying these denand anal yses together with the
practical issues that we identified earlier to be addressed in inplenenting it.
The variables used to explain the estinmates of benefits can be classified
according to features inplied by: the assunptions inherent in the behaviora
model underlying the travel cost framework, including the definitions for the
measures for quantity and own price, as well as the treatnent of substitutes
(designated here by a vector of variables, Xg): the specifications used for the
esti mated demand function (designated by a vector of variables, X): and the
econonetric estimator used for the nodel (designated by a vector, Xe)-

Equation (3) above defined consuner surplus per unit of use for a given
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recreation site. In formulating hypotheses concerning the effects of each class
of variables on estimates of CS/v across studies, it is inportant to recognize
that the features of each recreation site (X;)and the recreational activities
undertaken (X,) should influence the true value for consuner surplus per unit.
Moreover, differences in the assunptions nmade for the variables in L(.) across
studies will contribute to variations in estimates of CS/v. Assuming differences
in these specifications for other econom ¢ and denographic variables are not
important, the true surplus might be hypothesized to be a function of variations
in Xsand X, as in equation (5) below. The only specification for the demand
function which satisfies this condition is the sem-log form If b designates
the absolute value of the price coefficient, then 1/b is often used as a neasure
of the Marshallian consuner surplus per unit of use (i.e. depending on how the
quantity variable for the nodel is defined). ”

To the extent econom ¢ and denographic assunptions are greatly different
for the same type of site across studies, then we would expect @ to vary with
them Equation (5) assumes that each type of site and primary activity can be
classified into the categories identified by the sets of variables included in

X, and X,, with the subscript i used to designate each estimate.

(CS/V)g = @y + a Xy + o, X, (5)

(CS/v)y is neasured per unit of use to reflect differences in the conditions of
access across studies. This fornulation inplicitly assunes the average consumner

Surplus per unit of use should be conparable (for the same types of resources,

uses, and individuals) when the conditions of access are conparable.

Esti mates of (CS/v)y will be functions of demand parameter estinates, as
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wel | as the variables determining individual denmand. Because these estimated
paranmeters can be shown to be functions of the true values of the paraneters,
it is reasonable to hypothesize that the estimated consunmer surplus per unit of
use, (CS/v), is sone function of (cs/v),. Qur proposal for summarizing enpirical
work inplicitly- maintains that there are nore factors involved--the variables
describing each study's maintained behavioral assunptions (X,), as well as each
anal yst's judgments (X, and X,). Equation (6) hypothesizes that these effects
are additive influences to the true value and therefore would be reflected in
the bias in any estimator for (CS/v),. Linearity is a sinplification.

Equation (6) has no intercept because we hypothesize that there is no fixed
bi as, independent of the nodeling assunptions, in the estimtes for consumer
surplus per unit. The fixed bias will depend on the nodel used. O course,
variables may well be onmitted, but these are nore likely reflected in the error

term ¢,, because they can be expected to vary with each study.

(CS/V)e = B(CS/V)n + 72, + ¢, (6)

where Z, - a vector of variables describing nodeling decisions
(i.e, Z, = (X4 Xoy Xg) With v a confornmably dinensioned vector of
paraneters

€, - stochastic error

Substituting (5) into (6) we have the basic form of our estimating nodel in
equation (7).

(CS/Vv)g = Bay + BaX, + BakX, + 72, + ¢, (7

Under ideal conditions gwould be unity.
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An inportant byproduct of an attenpt to nodel the results of applied
econonic research is the devel opnent of hypotheses for the conponents of z
This process requires reconsidering the logical structure that we assune
describes the devel opment of economic nodels. Wile some progress has been nade
in macro-econonic, time-series applications (see Hendry), few findings are
avail able to use for applications to environnental resources. Thus, our
discussion will be an informal first-step toward the nore conprehensive efforts
required if we are to use neta-analysis in evaluating and inproving applied
econoni ¢ et hodol ogi es.

Foll owi ng Hendry, if we regard any econom c nodel as a strategy determ ned
by the problem at hand and the information available, then we can be reasonably
confident that some el ements of nodeling decisions (such as the treatnment of
substitutes or the specification of the opportunity cost of time) should play
arole in the "true" denmand function for a recreation site. But we cannot
specify in advance which of the available assunptions is correct. Moreover, we
may expect this judgnment to change depending on the application. Thus, we can
di stinguish studies that fail to recognize these factors fromthose that do, but
we cannot specify a best strategy for each case

In applications of meta-analysis in other disciplines, these judgnments are
used to develop quality weights. These weights are applied to the results from
each study as part of the devel opment of the statistical aggregate, W have not
used this approach in our econometric analysis for two reasons. First, and nost
importantly, the correct treatnent of these nodeling judgments in a statistica
sunmary depends on whether we believe they affect the bias or variance in the
estimates. Weighting inplicitly assumes that the estimtes based on incorrect

model i ng judgments remai n unbi ased but sinply have |ess informational content
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(i.e. have higher variance). Chile this may wel|l be appropriate for sumaries
of studies involving primarily controlled experinents, it does not seem as clear-
cut for economc applications.

Second, because several decisions can be identified as reflections of
specific maintained hypotheses in each study, weights for each (even if the first
i ssue favored weighting) require a set of subweights for each of these decisions.
We do not feel this is possible given our current |evel of understanding of how
peopl e make recreation decisions. Indeed, our enpirical analysis provides the
first evidence on how influential these judgments are for the existing estinates.

Wth this background, we can distinguish variables that are largely data-
based decisions where there is little guidance available in econonic theory
(those in X, and X,) fromthose that are based on theory (¥). By testing the
influence of the former on our statistical summaries, we can provide sone direct
evidence on the role of these types of decisions on the existing estimates. From
the perspective of transferring nodel results, we would prefer that these types
of decisions had a small role in explaining the (CS/v) estimates for conparable
recreation sites.

Table 1 defines the specific variables used in our analysis. (CS/¥)gis
measured by the real (constant dollar) consumer surplus per unit of use. As one
would likely expect, nost of our variables are qualitative. Because (CS/V)ei s
derived from enpirical nodels based on quite different data sets and precision
in estimating the paraneters relevant to the estimtion of the consuner surplus,
it is reasonable to expect heteroskedasticity. |Indeed, as Bockstael and Strand

observed, it should be possible to estimate the variances in these estinmates for
the consumer surplus. There are two potential problems with inplenmenting this

appr oach. First, the information routinely reported in travel cost denmand
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studies is generally not sufficient to construct approxi mate estimtes of the
variances for the (CS/v) estimates. Second, and equally inportant, recent
sanpling experiments and bootstrap cal culations indicate the approximtions used
in constructing these estimtes can thensel ves be subject to inportant errors
(see Smith [1989] and Kling and Sexton).

The panel nature of our data set introduces another source of non-spherical
errors. If, for exanple, we assume a sinple random effects nodel, then
autocorrelation will be present. In this case, it arises because there is a
comon error shared by results from different nodels reported within the sane
study. In principle, we mght also want to distinguish (in the fornulation used
for the error process) whether the different estinmates reported for each study
reflected different nodeling assunptions for the same site, the same basic nodel
applied to different recreation sites, or some conbination of these effects, as
m ght be present in the regional travel cost nodels.

An estimator that accounts for the conposite effects of all of these
factors woul d require inposing considerable prior information to estimate the
rel evant variances and covariances for the estimtes of (CS/v)gacross studies.
To avoid inposition of largely arbitrary assunptions, we have adopted an
alternative strategy--estimte equation (7) with ordinary |east squares (OLS)
but report the Newey-West version of the \Wite consistent covariance estimator
for OLS in the presence of heteroskedasticity and a generalized form of
autocorrelation. * As the results in Table 2 indicate, our basic conclusions
are largely unaffected by the standard errors used in tests of the effects of
i ndi vi dual vari abl es.

Table 2 reports our estimates for several alternative nodels describing
the factors influencing the real consumer surplus. The nunbers in parentheses

bel ow the estimated coefficients are the t-ratios calculated with the Q.S
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standard errors, while those in brackets are the t-ratios using the standard
errors fromthe adapted Wite consistent covariance matrix. Ei ght nodels are
reported to illustrate different aspects of our summary. The first three ignore
the role of recreation activities and focus exclusively on either assunptions
variables (colum (1)) or the variables describing the type of site (colum (2))
or both (colum (3)). Colum (4) expands the analysis in colum (2) to include
the primary recreational activities supported by the site. Colums (3) and (5)
treat the definition of site type and primary recreational activities as
alternative proxies for the sane effects, and include one of the two sets with
the other variables describing the nodeling strategies. Colums (6) and (7)
report our nost detailed nodel (6) and the sane nodel onmitting only the
variabl es describing assunptions derived largely from data-based judgnents. The
| ast colum offers an alternative to our nost detailed nodel, deleting the
variable for the year of the data used in the study.

The variable “Year” was considered to evaluate an interesting suggestion
made by an anonynous reviewer of an earlier version of this paper. This reviewer
suggested that we might be able to investigate whether recreational resources
were growing nore or less scarce by including this type of variable. Under
ideal conditions, this is an intriguing possibility. However, we believe this
variable serves primarily as a proxy variable for the conposite of changes in
the types of data, estimators, and nethodol ogi cal advances that have taken place
over the tinme period spanned by our review These factors cannot be
di stinguished fromthe relative value (conparable to a relative price) one woul d
like to evaluate for the scarcity issue. W report as “final” nodels equations
that include all types of effects with and without the year variable. However,

we believe that colum (8) is probably a better overall description (despite
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the statistical significance of year) because of the consistency in the paraneter
estimates with other |ess conplete nodels and the quite consistent pattern of
change in the variables describing each study's characteristics when year is
i ncl uded.

Qur results have inplications for three types of questions. First, because
the studies we reviewed span a period during which the conceptual nodels, data
sets, and estimators for recreation demand anal ysis inproved, we can eval uate
the inplications of a wide range of nodeling judgnents for consumer surplus (i.e.
CS/v) estinmates. Second, the studies considered also include an array of
different types of recreation sites. This pernmts an evaluation for the relative
i mportance of the type of site for these estimtes. Finally, they have
implications for the feasibility of using econonetric reviews of the enpirica
benefits literature in the task associated with benefits transfer for policy
eval uati ons.

It is inmportant to recognize at the outset that the feasibility of using
econonetric nethods in literature reviews would be greatly enhanced with a change
in reporting conventions for enpirical results. These conventions are so
variable across studies that the set of available estimates with a detailed set
of explanatory variables is alnost half the size of our full sanple of estimates.
Because missing values for particular classes of variables changed our sanple
conposition dramatically, we investigated their effects by considering
alternative subsets of the potential explanatory variables specified to influence
(CS/v). This process explains the rationale for the first five colums in Table
2. The estimated effects of the variables describing the nodeling Strategies
are quite stable across nodels in terms of their signs and statistical

significance. Virtually all the decisions on the assunptions associated wth
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nmodeling strategies that we describe wth qualitative variables were
statistically significant factors in determning the real consumer surplus (CS/v)
estimates.

When the variables are interpreted in ternms of the classification we
proposed in devel oping equation (7), the key econonic assunptions (such as the
inclusion of a substitute price or neasure of the inplicit costs of travel time)
are generally significant determnants of the estimate for the (CS/v) and conform
with a _priori expectations. The adjustment for the measure of use indicates,
as we woul d expect, smmller benefits per unit in terns of days versus trips.
The parameter restrictions inplicit in the use of a regional travel cost node
appear to increase estimates of (CS/v). This finding is nore difficult to relate
to econonmic theory. The restrictions inposed by the regional travel cost node
have inplications for the inplicit extent of a recreation market; for whether
sites are considered equivalent (by recreationists) in terms of the estimted
demand responses to own price and income; and for the definition for what
constitutes substitute sites.

Sone nodeling judgments are based on each application's data and do not
have a rationale in economc theory. W have classified the variables describing
the functional form and estimator in this category. \Wile one mght argue that
the estimator follows fromprior information on the sampling process, we believe
the potential sensitivity of estimates to parameterization for the error
structure or its distribution often leads analysts to an inplicit pretesting
process. In these cases, results fromdifferent estinates are conmpared as part
of the devel opnment of the "final" reported results. Because we have adopted this
view of the process, we have included the estimator in the data-based variabl es.

One way of evaluating the sensitivity of estinmates to data specific
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judgnents is to test the null hypothesis that the variables associated with
these decisions do not exert a significant influence on (CS/V). The results in
colums (6) and (7) indicate that this hypothesis is decisively rejected at the
one percent significance |evel

The use of a maxinmum |ikelihood estinmator and sel ection of a log-linear
demand specification seem especially inportant individual choices. The
sensitivity of results in each case may reflect biases arising in other studies
that do not make these assunptions. This may be especially true for the use of
procedures adjusting for the on-site, intercept nature of nmpbst micro |eve
recreation surveys. Nonetheless, the inmportance of both decisions for estimates
could be reduced with inproved information on the nature of househol ds'
recreation site choices, including the amount of use and the time and resource
constraints underlying these decisions.

We are able to distinguish separate effects for our neasures of the type
of recreation site and for the primary activities supported by a site. Because
the site definitions are not nmutually exclusive categories, we need to interpret
the results carefully. For exanple, a trip to a lake in a national park woul d
be worth $19.94 nore than one of conparable length to a coastal area (i.e., the
sum of the coefficient for National Park, 41.13, and that of Lake, -21.19 in
colum (8) of Table 2). The results indicate that sites supporting wilderness
activities do not appear different than those for devel oped canping, conparing
their consumer surplus estimates. This seens inplausible, given the activities
involved, and is likely to result fromthe small nunber of travel cost estimates
for wilderness areas (i.e. about 10 of the 399 used in the nodels).

Finally, this type of nodel offers the potential for "checking" the benefit

transfer estinmates developed in policy analysis. Because we do not have a
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theoretical basis for specifying how (CS/v) should behave across different types
of recreation sites and nodeling strategies, it would not be prudent to recomend
this type of nodel for predictions of consumer surplus per unit of use

I ntangi bl e di nensions of a research study exist which are difficult to encode
inthe quantitative terns required for an econonmetric summary. These factors
may well be inportant to how policy analysts should use a particular study in
a benefits transfer. At this stage, we can say that these types of enpirica

sunmaries can serve as a consistency check on the processes used in policy
anal yses to gauge the inplications of selecting a different set of assunptions.

They also offer a first step in a nore general question--how do we want to
summari ze the results of applied demand anal ysis? Should the focus be on the
consurmer surplus per unit of use or the own-price elasticity of demand? Either
could be used (with supplenmentary assunptions) as a basis for evaluating policy

uses of benefit studies on the research shelf

V. Inplications

As the literature reporting benefit estimates for environnental resources
expands, the task of sunmarizing what we know and how to use it in evaluating
new policies that affect environmental and other resources beconmes nore
difficult. Qur findings here indicate that econonetric nmethods can be wed to
summarize the results fromdiverse enpirical studies. Indeed, in our specific
application (travel cost recreation demand nodel s), this approach provided clear
support for the issues identified in the theoretical and recent enpirical
literature as central to inplenenting the nodel. They include:

(a) the inplications of the treatment of an individual's time constraints

for his (or her) opportunity costs of time (see Bockstael, Strand
and Hanemann);
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(b) the identification and treatnment of substitute sites in nodeling
recreation demand (see Rosenthal);

and

(¢) the adjustnent of estimates fromon-site mcro data sets for the
specification effects of these sanpling procedures (see Shaw).

These factors are inportant from a conceptual perspective, and they could help
to resolve the rather wide variation in real consumer surplus across studies.
More generally, these results offer some confirmation that systematic
factors influence the disparity in results across studies. However, applied
econonmetric analyses of recreation demand require substantial discretionary
judgments to overcone limtations inmposed by data and by our know edge of
econonmi ¢ agents' behavior. Some of these factors arise fromdifferences in the
resources involved and others from the assunptions used in these studies.
Because it appears possible to separate the influence of these factors, reviews
of enpirical research using econonmetric nmethods to estinmate these types of
response surfaces based on the enpirical findings can also have inportant policy
applications. They offer a method for bounding (or for checking) the estimates
derived for new or inproved resources. They can serve to identify the factors
leading to the greatest disparity in benefit estimates. And, finally, these

cross-study enmpirical summaries may also help to isolate the areas requiring

further research.



Table 1. DESCRI PTION OF VAR ABLES FOR ANALYSI S

Name Mean

Definition of Variables

(CS/v) 25. 24

SURTYPE . 86

Type of
Recreation
Activities

Type of .-
Recreation Site

Substitute Price .29
Opportunity Cost .24
type #1

Opportunity Cost .32
type #2

Fraction of wage .37
Specific Site .24
Demand

Speci fications

Year

Esti mators Used®

Marshal I'ian consuner surplus estimted per unit of use, as

neasured by each study (i.e., per day or per trip) deflated
by consumer price index (base - 1967)

Qualitative variable for neasure of site use - 1 for per
trip neasure, 0 for per day neasure

Wat er - based recreation (sw nmng, boating, fishing),
hunting, wilderness hiking, and devel oped canping were
identified as the primary activities. The first three are
introduced as qualitative variables wth devel oped canping
as the omtted category.

Lake, river, coastal area and wetlands, forest or nountain
area, developed or state park, national park with or without
wi | derness significance are the designations. Coastal area
and wetlands was the omtted category. Variables are unity
if satisfying designation, zero otherw se

Qualitative Variable - 1 if substitute price term was
included in the demand specification, 0 otherw se

Qualitative Variable for the measure used to estimte
opportunity cost of travel time - 1 if an average wage rate
was used.

Qualitative Variable for the second type of opportunity
costs of travel time measure, - 1 for use of income per
hour: the onmitted category was the use of a projection for
an individual specific wage rates.

Fraction of wage rate used to estimate opportunity cost of
travel time

Qualitative Variable for use of a state or regional trave
cost nodel describing demand for a set of sites - 1, 0O
ot herw se.

Linear, log-linear and sem-log (dep) are qualitative
variabl es describing the specification of functional form
for demand (sem-log in logs of independent variables was
the omtted category).

The year of the data used in each study.

OLS, GS, and M.- TRUNC are qualitative variables for
estimators used, omtted categories correspond to
estimators with limted representation in studies--the
simul t aneous equation estimators.

*ML-TRUNCrefers to maxi mum |ikelihood estimators adjusting for truncation and
tobit estimators. @GS includes both single equation generalized |east squares and
seemngly unrelated regressions.



Tabl e 2. DETERM NANTS OF REAL CONSUMER SURPLUS PER UNIT OF USE®*

2.28

Model s
| ndependent
Vari abl es
1 2 3 4 5 6 7 8
| nt er cept 20. 30 27.03 18.75 23. 48 -.30 5174.24  4904.00  -25.20
(6.19) (3.68) (0. 58) (1.57) (-.01) (3.95) (3.75) (-0.57)
[3.92] [3.64] [1.04] [3.71] [-0.011 [3.39] [3.52] [-1.74]
SURTYPE -9.97 15. 38 19. 88 1.03 28.75 16.94 19.18
(-2.72) (2.97) (3.74) (0. 23) (4. 84) (2.78) (3. 46)
[-1.361  [2.34] [3.55] [0.12] [4.71] [2.05] [3.10]
(X)) Type of
Recreation
Wat er - Based 14. 50 24.50 24. 43 -9.07 45. 39
Activities (0. 83) (1.97) (0.78)  (-0.26)  (1.44)
[1.08] [2.72] [1.95] [-0.96]  [4.01]
Hunt i ng 17. 35 20.02 -2.33 -1.10 13.78
(1.33) (1.53) (-0.18) (-0.08) (1.07)
[4. 23] [1.63] [-0. 26] [-0.14] [ 1. 46]
W | der ness -12.10 10. 92 -26. 57 -17.52 .60
(-0.66) (0.76) (-1.47)  (-0.91)  (0.04)
[-2.49] [0.62] [-1.95] [-1.47] [0.07]
(Xs) Type of Site
Lake -18. 69 -20.32 -17. 47 -22.16 -13.21 21.19
(-3.24) (-3.52) (-3.12) (-3.88)  (-2.42) (-3.65)
|-2.36] [-2,48] [-2.281 [-2.57] [-1.601  [-2.55]
Ri ver -14. 29 -19.03 -12.19 -16. 44 3.23 19. 80
(-2.99) (-2.19) (-2.57) (-1.91) (0.44)  (-2.27)
[-1.95] [-1.75] [-1.86) [-1-60] [0.32] [-1.80]
For est -18.45 -25.99 -15.37 -1.36 -20.74 6. 84
(-2.36) (-3.01) (-1.31) (-0.05)  (-0.64)  (0.23)
[-1.93] [-2.49] [-2.53] [-0.16] [-2.25] [0.82]
State Park 24.95 22. 37 14,10 28. 39 24. 46 22.18
(3.47)  (3.44) (2. 40) (4.28) (3.44)  (3.37)
[3.27] [3.19] [1.64] [ 3. 30] [3.07]  [3.20]
Nat i onal Park .56 -3.77 30.71 49. 37 -5.43 41.13
(0.04) (-0.23) (2.16) (1.33)  (-0.14)  (1.09)
[0.08] [-0.13] [2.51] [1.58] [-0.25] [1.24]



Tabl e 2 (continued)

to

. 29

Model s
| ndependent
Vari abl es
1 3 4 5 6 7 a
(Xg) Mode
Assunpti on
Substitute Price -18.73 -13.71 -23.80 -11. 42 -18.58 -14. 39
(-3.27) (-2.12) (-3.76) (-1.82)  (-3.00) (-2.26)
[-4.58] [-1.80] [-3.18] [-1.43] [-4.10]  [-1.80]
Qpportunity Cost -14.97 -16. 49 -21. 68 -6.03 8.03 -14. 28
Type #1 (-2.10) (-2.11) (-2.94) (-0.73) (0.97)  (-1.75)
[-2.09] [-2.48] (-2.721 [-0.71] [0.95] [-1.99]
Qpportunity Cost 3.95 -15. 86 -13.59 -10. 97 5.84 -15. 89
Type #2 (1.02) (-3.30) (-2.75) (-2.22) (1.39)  (-3.26)
[0. 45] [-2.87] [-1.93] [-1.90] [0.71]  [-2.80]
Fraction of Wage 37.24 48. 59 55. 88 45.10 27.02 48.59
(8. 56) (9.76) (11. 41) (9.09) (6.01) (9. 76)
[3.83] [6.94] [7.33] [6.70] [2.54] [6.91]
Specific Sitel 22.23 24. 21 21.75 16. 49 23.54
Regi onal TC Model  (4.10) (3.85) (3.54) (2.55) (3.70)
[3.35] [2.77] [2.08] [1.62] [2. 64]
Xp) Model
Specification
Li near -2.87 12.99 -15. 33 -2.94
(-0.27) (1.19) (-1.37) (-0.27)
[-0.31] [1.10] [-1.41] [-0.29]
Log- Li near 23. 37 28. 57 15. 61 24.65
(2.37) (2.67) (1.37) (2.36)
[2.88] [2.05] [1.59] [2.68]
Seni - Log (Dep) 16. 89 15. 97 9.29 18. 61
(1.86) (1.62) (0.97) (1.96)
[2.97] [2.07] [1.74] [ 2. 86]
Zedbstimator:
aLs -14. 45 -24. 20 -28.96 -16.21
(-0.48) (-0.76) (-0.96) (-0.53)
[-0.84] [-1.39] [-1.39] [ -0.921
as -8.58 -24.77 -21.88 8.58
(-0.28) (-0.78) (-0.73) (-0.28)
[-0.54] (-1.531 [-1.13] [-0.53]
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Table 2 (continued)
Model s
| ndependent
Vari abl es
1 2 3 4 5 6 7 8
M.- Trunc -67.38 -77.35 - 85. 06 - 68. 98
(-2.15) (-2.38) (-2.74) (-2.20)
[-3.43] [-3.65] [-3.63] [-3.46]
Year -2.61 -2.47
(-3.98) (-3.74)
[-3.63] [-3.52]
R? .25 .15 .42 .15 - 36 .45 .30 .43
n 399 399 399 405 405 399 399 399

*The nunbers in parentheses below the estimated paranmeters are the ratios of the

coefficients to their estinmated standard errors.

The nunbers in brackets use the Newey-West

variant of the Wite consistent covariance estimates for the standard errors in calculating
these ratios.
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FOOTNOTES

*Uni versity Distinguished Professor, North Carolina State University, and
Resources for the Future University Fellow, Assistant Social Scientist, Marine
Policy Center, Wods Hole Cceanographic Institution, respectively. A large
nunber of individuals contributed to this effort by providing the source
materials for both published and unpublished papers. Since we wote to all the
i ndi vi dual s whom we could identify as active researchers in recreation economncs,
and all Chairs of Departments of Agricultural Economcs and of Economcs, we
cannot identify them individually. Thanks are due M chael Hanemann for calling
our attention to the neta-analysis literature outside econonmics and to Peter

Caul kins, Jerry Carlson, Bill Desvousges, Ted MConnell, and three anonynous
referees for exceptionally careful and constructive comments on earlier drafts
of this paper. This research was partially supported through the U S

Environnental Protection Agency Cooperative Agreenent No. CR812564

1. Hedges and O kin credit Gass with the first use of meta-analysis in
educational and psychol ogi cal research. There are inportant differences
in the use of these nethods for applications in these disciplines, as well
as for nedical research, in conparison with econonmics. Al of the former
have involved controlled experinents, where the statistical analysis can
be treated as aggregating independent observations from each study's sanple
of experinmental findings (see Cordray)

2. Bockstael and MConnell [1983] is a notable exception to this work, because
they use the formal structure of a household production framework to
descri be the neasure of the demand for non-marketed commdities and the
role of the assunption of weak conplenentarily.

3. This problem is anal ogous to the issues raised in nodeling the demand for
electricity in the presence of declining block rates (see Taylor [1975]
for an early discussion) or in the nore recent anal yses of hedonic nodels
ability to recover estimates of the wllingness-to-pay functions for non-
marketed resources. See Bartik and Smith [1987].

4. These types of questions can be found on the recent Public Area Recreation
Visitors Surveys conducted by the U 'S. Forest Service, as well as on a
wide variety of other nicro-level site-specific surreys. This franmework
presumably arises because of the difficulty of encoding (with an on-site
survey) a consistent set of substitute sites. See Smith and Desvousges
[1986] for discussion of a procedure used in surveying water-based
recreation participation pattern as part of a contigent valuation survey.

5. Hof and King [1982] give the inpression that the issues are clear-cut.
In practice, data inadequacies and on-site surveys nmake the process of
inferring the feasible set of substitutes and of treating them consistently
exceptionally difficult.
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Collinearity in the cross price measures nmakes it difficult to precisely
estimate their effects on demand. It does not affect the magnitude of the
estimated coefficients. However, to the extent these are not estinmated at
conventional standards for statistical significance, practitioners can
easily be faced with a dilema in judging how to interpret and respond to
test results in these cases.

Wiile this estimator for (CS/v) has been commonly used in the literature,
wi thout a consistency check to screen for negative values, it will not have
finite noments (see Smith [1989]).

A lag of eleven periods was used in inplenmenting the Newey-Wst version
of Wite's estimtor.
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APPENDI X
Real Consumer Surplus per Unit of Use and
own Price Elasticity of Demand®
Range (Estimate)
I dentification Number of (CSlv) Omn Price
Aut hor Nunber Estinat es Elasticity
Karl C. Sanples and 1 11 .11 - 6.24
Ri chard Bi shop
Marc O Ri baudo 2 1 3.66 -. 49
and Donald J. Epp
Donald H. Rosenthal [1985] 4 22 .46 - 5.85 -1.79 to -4.58
Christine Sellar 5 11 2.89 - 15.17 -0.003 to -0.02
Cindy F. Sorg, 13 51 9.19 - 20.81
John B. Looms, D. Donnelly,
G Peterson, L. Nelson
Abr aham E. Haspel and 17 6 20.60 - 36.84
F. Reed Johnson
Fredric C. Menz and 22 5 9.02 - 20.60 -1.49
Donald P. Wlton
John K. Mullen and 23 3 7.41 - 13.12
Fredric C. Menz
Wlliam G Brown, 25 1 15.93
Colin Sorbus,
Bi h-1ian Chou-Yang, and
Jack Richards
J. A Sinden 34 1 .29 -. 54
R E Capel and R K Pandey 37 1 9.26 -1.05
Ronal d J. Sutherland (1982a) 45 40 1.36 - 40.32
V. Kerry Smith and 51 44 1.97 - 219.78 -.04 to -2.99
Wl liam H Desvousges (1985)
V. Kerry Smith, WIlliam H 52 1 7.21
Desvousges, and Ann Fisher
John B. Loom s (1986a) 62 1 12.53
W David Klenperer, 67 8 .92 - 3.90

Gegory J.
P. Verbyl a,

Buhyof f,
and L.

Joyner



2.34
Appendi x (conti nued)
Range (FEstinmte)
I dentification Nunber (CS/v) om Price
Aut hor Nunber Esti nat es El asticity
Cindy F. Sorg and 71 2 21.20 - 33.50 ---
Louis J. Nel son
Cindy F. Sorg, 72 4 13.23 - 14.41
John B. Loonmis, D. Donnelly,
G Peterson, L. Nelson
Dennis M Donnelly, 73 2 6.67 - 9.35
John B. Looms,
Cndy F. Sorg and Louis Nel son
St ephen Far ber 79 1 17.45 “.-
Werner J. Sublette and 82 4 7.88 - 37.54 .-
Wlliam E. Mrtin
WIliam J. Vaughan and 84 4 3.23 - 7.88 -.-
Cifford S. Russel
Thomas G fford Sawyer 96 1 48. 11 -. 17
C. Tim Gsborn 97 1 88. 07 - 27
Trellis G Geen 98 2 59.96 - 146.95 -.0016 to -.005
Dani el Wayne MCol | um 99 28 8.06 - 146.95 ---
Colin Norman Sor hus 103 4 9.23 - 28.47 -.73 to -.81
Fai sal Moftah Shall oof 105 8 49.14 - 91.59 ---
Bahram Adrangi 109 2 7.68 - 10.02
Steven Eric Daniels 112 5 4.99 - 6. 23 -5.97 to - 6.96
Chung- Huang Huang 113 43 4.93 - 60.20 -.05 to -.84
Mar garet Tambunan 114 73 4.77 - 327.22 -.0003 to -.93
V. Kerry Snith and 115 2 4.22 - 11.84 -1.59 to -1.71
Raynmond Kopp
V. Kerry Snmith (1975) 116 2 5.03 .-

*These results are for only those studies included in our nost detailed nodel

based on 399 estimates from 35 studies.
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3.1
Wat Have W Learned Since Hotelling' s Letter?

A Meta Analysis
V. Kerry Smith and Yoshiaki Kaoru
I ntroduction

In 1947, Harold Hotelling proposed the first indirect method for measuring
the demand for a non-marketed commodity. His letter, responding to a request
by the director of the National Park Service for methods that might be used to
measure recreation benefits, introduced the travel cost recreation denand
method®. About twelve years later, Trice and Wod [1958] and O awson [1959]
i ndependently inplenented the nethodol ogy. Because there have been hundreds of
applications in the intervening thirty years, a conprehensive literature review
could easily fill several lengthy papers®. Moreover, given the diversity of
recreation sites and types of data, the task of devel oping a consistent synthesis
is exceptionally difficult.

This paper proposes the use of econometric nethods for quantitative reviews
of enpirical literature. Qur strategy builds on the concept of statistical
review or meta-analyses introduced into the education and psychology literature
by dass [1976] (see al so Hedges and O kin [1985] and Cordray [1987] for detailed
di scussi on). Because enpirical studies in econonmics are rarely controlled
experiments, the data aggregation methods proposed for nost neta anal yses nust
be replaced by the multivariate nethods routinely applied in econonetric
anal ysi s. This paper uses the travel cost recreation demand literature to

illustrate what can be learned from a meta-analytic review

[l. Data, Mdel and Results

The data for this nmeta-analysis of travel cost recreation demand nodel s

were derived froma larger study investigating the feasibility of transferring
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recreation benefit estimates fromthe situations where they were estimated to
new applications of policy interest (see Smith and Kaoru [1989]). As part of
that effort, we reviewed 200 published and unpublished studies of the denand
for recreation resources prepared from 1970 to 1986. The set of studies
consi dered was devel oped by: (1) reviewing all journals (both econom c and
nonecononic) that consistently publish recreation demand studies; severa
conputer literature searches and dissertation abstracts; and by contacting active
researchers in this area, chairpersons for all econom cs and agricultural
econoni cs departments with graduate prograns in the U S., and the research
experiment stations of the U S, Forest Service

Seventy-seven of these studies reported sufficient information to permt
estimation of the benefits provided by the site(s) involved in each study. They
represent the initial data base for this study. Forty-seven were unpublished
(Master's and Ph.D. theses and papers or reports) and 30 published®. Seventy-
nine percent of the studies were prepared in 1980 or later. Thirty-one studies
reported sufficient information to estimate the own price elasticity of denand
implied by each demand nmpdel. Qur analysis was confined to the studies whose
nodel s yielded theoretically plausible elasticity estimates (i.e., negative
values). Overall, these studies lead to 211 own-price elasticity estimates®; 88
percent of these cases also had sufficient detail to permt a meta anal ysis of
the deternminants of the estimated price elasticities.

Qur analysis is based on a sinplified view of nodel devel opnent adapted
from Hendry's [1983] work in the context of macro nodels. The arguments we
hypot hesi ze to be the inportant deternminants of the quantity demanded of a norma

good or service are reasonably well-defined from theory (i.e., prices, incone,
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and perhaps variables reflecting individual tastes). The enpirical
i npl enentations of these nodels depend on the problen(s) being addressed and
the data available. For the npbst part, inadequacies in data introduce a large
nunmber of conpromi ses. Qur specific application is inmportant to these
comprom ses,

The essential element in Hotelling' s proposal was the recognition that
people pay an inmplicit price for the use of a recreation site. This cost is the
total of the travel-related costs to visit the site, including both the vehicle-
related and time costs. The pricing of the time costs has been an inportant
research focus of the literature. Equal ly inportant, the definition of
substitutes for a particular recreation site and the measurement of how a site
is used are also inportant distinguishing features of past studies. The type
of data available affects the estimator used and has been inportant to the
diversity of estinmates in recent applications. Theory does not offer guidance
on the functional formor definition of what constitutes honbgeneous services
fromone (or nore) recreation site(s). In addition to these practical nodeling
decisions, we would expect that demands for different types of sites would be
different?.

On the basis of these types of argunents, we m ght hypothesize that
estimates of the demand paraneter of interest, y, would be a function of: what
is demanded (i.e., the type of site) X;; how the econonic argunents are defined
and measured Xy;and potentially some of the details of inplenentation X3, as in
(1)

Yi = @ + @ Xy + aXy + Xy + €y (1)

The X's will be vectors of variables reflecting these influences and €i4is the
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error, reflecting omssions, nodeling mstakes and the approxinmate nature of
equation (1).

The conposition of X,;, X,, and X3 will depend on what we designate as y.
Because the own-price elasticity of demand is usually a key notivation for
devel oping demand estimates, it seens a natural choice for y. However, it need
not be the only one. One inportant by-product of this process of devel oping
these types of empirical summaries is the identification of this issue. It is
quite possible that different nodel features would be statistically summarized
for different uses of the literature, i.e., one for policy analysis, another for
classifying recreation sites, etc.

Table 1 reports the estimates for two specifications for equation (1).
The first colum includes variables describing the type of site: the econonic
assunptions made in devel oping the nodels and the data-based features (such as
the paraneter restrictions used, functional form and estimator)

The results indicate that our enpirical summary has been exceptionally
successful . The type of site and economic assunptions nade do matter, as we
woul d expect. In interpreting the signs of the coefficients, note the own
elasticity has been entered as a negative value. Sonewhat nore troublesone is
the fact that assunptions without clear connection to economc theory, arising
fromthe data (and therefore the estimator) or the functional specification used
for the nodels also matter. The second colum reports the results wthout these
vari abl es. Wiile the effects of the remaining variables are quite stable, we
reject this exclusion restriction based on an F-test restricting a subset of the
coefficients to zero.

Two types of test results are reported for each estimated paraneter--one

based on the ordinary |east squares covariance matrix and a second t hat
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recogni zes the prospect for nonspherical errors. This arises because our sanple
resenbles a panel in that nmany studies report nultiple estinmates--either
different results for different sites or conparisons of the effects of nodeling
assunptions. In both cases we might expect sone correlation between the
estimates. Consequently, we used the Newey-\West [1987] variant of Wite's [1980]

consistent covariance natrix to allow for generalized forns of both
het eroskedasticity and autocorrelation. These are reported in brackets bel ow

the conventional t-ratios and do not change our basic conclusions.

1. I mpli cations

Hotelling's letter offered enornously valuable advice. The travel cost
recreation demand nodel is now wi dely accepted anong resource econonists, as well
as in federal guidelines for benefit analysis (sea U S. Water Resources Counci
[1983] and U. S. Department of Interior [1986]). It is generally regarded as a
robust nethodol ogy. Qur findings suggest that this perception must be
interpreted carefully. Wile the nodel has been successful for a w de range of
applications in estimating plausible demand rel ationships for recreational
sources, a systematic analysis of the record indicates that mpdeling assunptions
do natter. Estinates of the own price elasticity of demand depend on how the
issues identified in the current recreation demand literature as inportant
t heoretical questions--the neasurenent of the opportunity cost of tine,
definition of substitution alternatives and neasurement of use (i.e. using trips
or days as the dependent variable)--are resolved. They are also affected by

decisions that are often data-based with little theoretical justification.
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Table 1. Estimated Price Elasticity of Demand from Travel Cost Mbdels:
A Meta-Analysis*

Price Flasticity of Demand

. Ful | Excl udi ng
Vari abl e Speci fication Judgerental Vari abl es
I ntercept 1033. 99 829. 97
(7.28) [4.62] (5.92) [4.12]
Qualitative Variable for 2.11 2.45
Measure of Use (3.33) [3.40] (4.70) [3.73]
1- trip 0 - per day
Qualitative Variables for
Type of Site
(Overl apping Categories)?
Lake -. 02 -. 57
(0.05) [0.05] (-1.36) [-1.35]
Ri ver -1.77 -1.80
(-2.54) [-2.381 (-2.27) [-2.23]
For est -3.77 -4.03
(-4.74)  [-3.40] (-4.61) [-4.66]
State Park 2.28 2.04
4.28 2.97 (3.81) [3.56]
Presence of Substitute Price -1.83 -. 78
(-1) (-6.72) [-5.62] (-3.15) [-1.23]
Use Average Wage Rate to 4.25 3.25
Measure Opportunity Cost of (4.20) [2.98] (3.28) [2.55]
Travel Tine (=1)¢
Use Fanmily Incone per Hour to 1.63 1.12
Measure Cpportunity Cost of (4.18) [3.12] (3.93) [3.15]
Travel Time (=1)¢
Fraction of Wage Used for -1.72 -1.73
Opportunity Cost of Tine (-4.39) [-3.26] (-6.41) [-4.56]
Regi onal Travel Cost Model -.68

(pool ed across set of site -1) (-1.49) [-1.50]



Table 1 (continued)

Price Flasticity of Demand

Ful | Excl udi ng
Vari abl e Speci fication Judgenental Variabl es

Li near Demand¢ 2.39

(-1) (2.15) [2.76]
Log- Li near Demand ? -.22

(-1) (-0.20) [-0.28]
Sem - Log Demand . 67

Dependent Variable ¢ (-1) (0.55) [0.53]

oLs® .22

(-1) (0.19) [-0.30]

GLS* .35

(-1) (0.31) [0.52]

M.- Truncation ® -1.44

(-1) (-1.24) [-1.77]
Year of the Data Used -.52 -.42

in Each Study (-7.30) [-4.63] (-5.93) [-4.13]

R? .65 .45

n 185 185

* The nunbers in parentheses below the estimted coefficients are the ratios
of coefficients to their OLS estimates of the standard errors. Those in brackets
use the Newey-West [1987] estimates of the standard errors allowing for a
generalized form of heteroscedasticity and autocorrelation.

PThe onitted category is coastal area and wetlands.

©The omitted category is using a wage nodel to predict an individual
specific usage.

4The omitted category is a sem-log using independent variables.

*The onmitted category is a simultaneous equation estimator.



CHAPTER 3 3.8
Foot not es

1. Hotelling' s [1947] letter originally described the method as follows:

Let concentric zones be defined around each park so that
the cost of travel to the park fromall points in one
of these zones is approximately constant. The persons
entering the park in a year, or a suitable chosen sanple
of them are to be listed according to the zone from
which they came. The fact that they conme neans that the
service of the park is at least worth the cost, and this
cost can probably be estimated with fair accuracy....A
conparison of the cost of coming froma zone with the
nunber of people who do come fromit, together with a
count of the population of the zone, enables us to plot
one point for each zone on a demand curve for the
service of the park. By a judicious process of fitting
it should be possible to get a good enough approxi mation
to this demand curve to provide, through integration
a measure of consumers' surplus...

2. Recent reviews of this literature include Ward and Loom s [1986],
Bockstael, MConnell, and Strand [1989] and Smith [1989].

3. The classification of published and unpublished is somewhat nisleading.
W used the nost conplete source for developing our estimates and did not include
a separate sumary for a thesis that subsequently led to a published paper. In
some cases, unpublished Ph.D. theses have yielded papers after our review was
conpl et ed

4, There have been several approaches to this problemin the literature. A

i mpose restrictions on the nodeling of recreation decisions, based on a priori
judgnents. For exanple, regional travel cost nobdels restrict the demand
paraneters for collections of sites in the same general area to be equal (or
change in systematic ways with specified characteristics). The varying paraneter
framework is simlar but uses sites drawn from anywhere in the U S., provided
they supported conparable recreation. The randomutility nmodels identify a set
of characteristics and the group of sites assuned to conprise the choice set.

There are other fornulations as well. None follows directly fromtheory. Each
requires a different set of assunptions about how people nake recreation
decisions. Qur data do not include random utility nodels. As of 1986, too few
studies used this franmework to distinguish it from results based on nore
conventional demand nodels.

5. The travel cost nodel is usually described as a derived demand for a
recreation site's services because each visitor produces recreational activities
(e.g., fishing, hiking, swiming, etc.). [If we assume the household production

functions for these activities are different, then we would expect differences
in the site demands depending on the activities undertaken.



CHAPTER 3 3.9
Ref er ences

Bockstael, Nancy E., Kenneth E. MConnell and Ivar E. Strand. 1989.
"Recreation," in J.B. Braden and C.D. Kolstad, editors, Masuring Denand
for Environmental Conmodities, unpublished manuscript, University of
I11inois.

Cordray, David S. 1987. "Strengt hening Causal Interpretations of Non-
Experimental Data: The Role of Meta-Analysis,” unpublished manuscript to
appear in L. Sechrest, J. Bunker, and E. Perrin, ed., lLnproving Methods

n Non- Experinental Research (Menlo Park, Co.: Sage Publications).

Clawson, Marion. 1959. Methods of Measuring the Demand for and Val ue of Qutdoor

Recreation, Reprint No. 10 (Washington, D. C.: Resources for the Future),
February.

Gass, G V. 1976. "Primary, Secondary, and Meta-Analysis of Research,”
Educational Researcher, Vol. 5, No. 1, 3-8.

Hedges, Larry V. and Ingram Okin. 1985. Statistical Mthods for Meta-Analysis
(Orlando, Florida: Academic Press).

Hendry, David F. 1983. "Econonetric Mdeling: The 'Consunption Function' in
Retrospect," Scottish Journal of Political Economy 30 (Novenber): 193-220.

Hotelling, Harold. Dated 1947. Letter to National Park Service in An _Econonic
Study of the Monetary Evaluati ' ' '
(U. S. Department of the Interior, National Park Service and Recreational
Pl anning Division, 1949).

Newey, Whitney K. and Kenneth D. West. 1987. "A Sinple Positive Sem -Definite,
Het er oskedasticity and Autocorrelation Consistent Covariance Mtrix,"
Econonetrica 55 (My): 703-708.

Smith, V. Kerry and Yoshiaki Kaoru. 1989. "Signals versus Noise: Explaining
the Variations in Recreational Benefit Estimates,” unpublished paper, North
Carolina State University, revised June.

Smith, V. Kerry. 1989. "Travel Cost Recreation Demand Methods: Theory and
| mpl enent ation,* unpublished paper, North Carolina State University,
revised My.

Trice, Andrew H and Sarmuel E. Wod. 1958. "Measurenment of Recreation
Benefits," Lands Economics 34 (February): 195-207.

Ward, Frank A and John B. Loonis. 1986. “"The Travel Cost Demand Mdel as an
Environnental Policy Assessnent Tool: A Review of Literature," \Western

Journal of Agricultural Economics 11: 164-78.

Wiite, Halbert. 1980. “A Heteroskedasticity Consistent Covariance Matrix

Estimator and a Direct Text for Heteroskedasticity" _Econometrica 48:
817-38.



3.10

U S. Water Resources Council. 1983. "Econom c and Environnental Principles and
CGuidelines for Water and Related Land Resources Inplenentation Studies,"
(Washington, D.C.: US. CGovernnent Printing Ofice).

U.S. Departnent of the Interior, Ofice of the Secretary. 43CRF Part 11, "Natural
Resource Damage Assessments: Final Rule," Federal Register 51 (No. 1148,

August 1): 27673 - 27753.




CHAPTER 4

NEARLY ALL CONSUMER SURPLUS ESTI MATES ARE BI ASED

V. Kerry Smth.



4.1

April 4, 1989

Nearly Al Consuner Surplus Estimtes Are Biased
V. Kerry Snmith#*

. Introduction

After eight years of a national mandate for benefit-cost analysis in the
eval uation of new major regulations,l today benefit neasurement is a
significant preoccupation of many resource econonmists. A series of recent
papers (beginning with Bockstael and Strand [1987]) have raised inportant
questions about how we eval uate demand nodels intended for benefit neasurenent.
Wiile the primary focus of this work has been travel cost recreation demand
model s, the issues they raise are general and equally relevant to benefit
neasures derived from single equation demand nodels for any comodity. By
recogni zing that the consumer surplus estimates are random variables, these
authors have argued for greater attention to the construction of interva
rather than point estimtes, especially when these can reflect the variation in
benefit neasures arising from estimation uncertainty.

Sonme authors have nmaintained that these effects should influence the
selection of a functional specification for the demand nodel. For exanpl e,
Adramowi cz et al. [1989] concluded their sinulation analysis approximting the
sanmpling distributions for consumer surplus estimtes by suggesting that:

“...for the linear and senmi-log forns price paraneter estimates
close to zero create instabilities, a feature not exhibited by

the double log and linear log forns. The analyst should be
aware of this in examning his or her results. Hence, if_ tw

forme are relatively sinmilar regarding overall fit (judged via t
and F statistics), but one has a variance of the
associ ated welfare neasure, that form should be sel ected"

(p. 12, enphasis added).




Bockstael and Strand do not consider this issue. They focus instead on what
the analyst assunes is the source of the nbdel's error because this source
motivates different ways of constructing consumer surplus estimates.

This paper argues that these discussions have overlooked an inportant
aspect of the estimation strategies used in nost applied recreation denmand
modeling. Estimators are selected to provide the "best" estimates of the
specified demand function without necessarily considering how these paraneter
estimates woul d be used. I ndeed, nost of the consumer surplus estimtes used
for policy purposes (see Smith and Kaoru [1988] and Walsh et al. [1988]) are
derived from studies that were not specifically intended to derive benefit
estimates for the recreation resources they studied. They sought to illustrate
new estimtors, test hypotheses (e.g., alternative treatnments of the
opportunity cost of time), or evaluate the effects of functional form The
Adramowi cz et al. conclusion suggesting that properties of the consumer surplus
estimates should be considered in selecting a final specification for estimted
recreation demand nodels raises a nore general issue. |f benefit measurenent
is the objective, shouldn't we use estimators defined to enhance the
performance of our welfare estinates rather than nodifying the criteria for
selecting a functional formto "adjust" for the performance of conventional,
"general purpose" estimators with sonme specifications for demand nodel s?

To notivate further consideration of this question, | develop three
points. First, mpst conventionally estimated demand functions will yield
bi ased consuner surplus neasures. Because of these results, the selection of a
demand specification solely on the basis of the variability in consuner surplus

estimates can be nisleading. There is no assurance that tightly clustered
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estinmates about the wong central tendency are better than nore dispersed
estimates about the true val ue.

Second, | derive an alternative estimtor for consumer surplus per unit of
use. This new nethod accepts bias in estimated consuner surplus and seeks to
mnimze the nmean squared error in the consuner surplus per unit of use. The
sem-log formis used to illustrate the nmethod because it was found to cause
problems in the Adranowicz et al. study and it is the sinplest to inplenent.

Finally, | conclude by discussing issues associated with inplenmenting the
estimator and by presenting sone evidence from an illustrative Mnte Carlo

st udy.

[I. Properties of Mirshallian Consumer Surplus Estinates

Because the consuner surplus (CS) estinmates derived from nmost popul ar
demand specifications are nonlinear functions of the estimated parameters, they
will be biased even if the demand specification is correct! Table 1
illustrates this point using three commn specifications for travel cost denand
model s. The estimated (Marshallian) consumer surplus per unit demanded is
reported for each formin the first colum. 2 The next two columms report the
approximate variance and bias associated with the ordinary |east squares (OLS)
estimtes of these demand nodels. A second order Taylor Series approximation
was used to develop these relationships. 3

Several aspects of the derivations should be noted. As the first row
indicates, the sem-log formrequires the |east additional assunptions for
measures of "average" consuner surplus per unit. The other two fornms require
further explanation. In the case of the linear form the sanple nmean was

4
assumed to be the level of use and was treated as a random variable with the
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TABLE 1: Approximate Properties of Consuner Surplus per Unit
Across Demand Specifications

True

Model CS/q Var(CS/q) Bias (CS/q)
ing =a - BP + u ) 1 no finige no finite
L —— moments moments
B
q=a-fP +u q iz Var(q) Var(B8)(1+48) q Va r(ﬂ) times
—_— 5 3 + 3 28+ 1
28 4B q B
b a A A
ing=a - Bin + u P . ) K,Var(g) K, Var(8)
—= klp-l 1 2
1-8

%The expressions for the approxi mate variance and bias of CS/q in the senilog case
are: A A
Var (B) Var (8)
7 and 3 respectively.
B B

However, we know from earlier research (e.g., Bergstrom [1962], Zellner [1978]) that the
maxi num | i kel i hood estimator of CS/q will not have finite nonents. Cl osed expressions
for the variance and bias would therefore be incorrect. This outcone reflects one of

t he hazards of using approximations to characterize the properties of nonlinear
functions of random variables. This finding does not inply that nesures of the location
and scale paraneters of the distributions for alternative estinmaes of CS/gq could not be
derived, and thus provides notivation for the sampling results reported later in the

paper .

bThe definitions for the constants involved in these expressions are given as
fol | ows:

P P
&P .1+

- (-k*? 1og k)
(1-8) (1-8)

1 2P 2P P P
K. = 3 &l . > &l log k) + — k'8 (log 0% - — k7P
2 | (1-) (1-8) 1-8 1-8
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log-linear form the choke price was assumed to be a multiple (k) of the price
selected for the evaluation, and the quantity is assumed to be the predicted
quantity that would correspond to that price. As Adamowicz et al. suggest
there are nunerous possible ways of treating the upper price limt used for
this case.5

These selections inmply that the variance and bias for each estimated CS/q
measure are not exactly conparable across specifications. This is not crucial
to the argunent because the objective of the table is to illustrate that even
when the true specification is selected (an assunption underlying the
derivations in each row of the table), the resulting consumer surplus estimates
will be biased. The magnitude of the bias will depend on how each estimate is
comput ed, what is assumed about other potential sources of error, the
performance of the estimated demand models in each case, and the true val ues
for the underlying parameters

The reason why the seni-log formleads to CS/q estinmates with substanti al
estimated variance for small values of Bis clear. They do not have finite
moments. However, to evaluate whether there would be inprovenents using another
form one nust consider the bias arising when sem-log is the true denand
specification and either the linear or log-linear is adopted because of
perceived instability in the benefit estimates. This is not reported in the
table; it is the information needed to judge the merits of the Adamowicz et al
proposal

The table does illustrate that the strategy they propose in their
concluding remarks (cited above) is inappropriate. The perceived variability
in approxinmate expressions for the scale paraneters of ES/q, such as the

approxi mati on used for the variance, can arise sinply as a result of the



magni tude of the true value for B in this relationship for the approxi mation
for the variance of 8. Instead, we should consider how estimators of the
demand function's parameters mght be designed to inprove the properties of the

consunmer surplus estimates they vyield.

[11. An_Alternative Strateay

A sinple exanple based on a variation of an estimator originally proposed
by Theil [1971] can be used to illustrate a different strategy for benefit
estimation. Consi der the mninum mean squared error (MVBE), |inear estinmator
of the consuner surplus. Taking the sem-log specification for the demand
function (which is both npost "popular" and regarded as anong the nost
unstable), a straightfoward derivation of this estimator is possible. In this
case, the estimted €S/q, designated now as s,is given by 1/8. The general
formfor this estimator is given in equation (1). The tilda (-) is used to
di stinguish this estimator for 8 fromthe ordinary |east squares estimtor used

in the derivations in Table 1.
s = — =Clg (1)

where q is a T x 1 vector of observations for the
l og of the quantity demanded of the service of a
recreation site for each of T individuals neasured as
a deviation fromthe nean of log q.
If we consider only the case of npdels with quantity as a function of price, as
in (2), then (3) and (4) describe expected value and variance for Swith the

assunption of classically well-behaved errors,

j=-BP+u (2)

with P a T x 1 vector of travel costs
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- T-
E (s) = -8 [CP] (3)
Var (3) = o2CC (4)
where ¢°I = E(u u’)
The mean squared error for s is defined in equation (5). After solving the

conditions for a mnimm of (5), we have equation (6) as one expression for the

correspondi ng estimator.6
- T, L 2 27T
MSE (s) = (- B[C'B] - —)° + o°C’C (5)
B
- Lo, 2, .1 .T-
s =-—7 (FP+07/B) " Fq (6)
B

As with the solution to Theil's original problem the estimator is a
function of true values for pand a%. which are not observable. Nonethel ess,
operational counterparts can be defined. For example, Farebrother [1975]
proposed that Theil's estimator could be inplemented using consistent estimates
of B8 and 02 in place of the true values. By an anal ogous argunent, a
consi stent estimator for s can be defined. In what follows, the OLS estinmtes

for B anda2

wi Il be used and the estinator designated as the approximte
m ni mum nean squared error nethod (AMVSE)

I mpl ementing this estimator when the focus is on a single parameter is
straightforward and requires no new estimates. Indeed, it can be calcul ated
for virtually all existing studies. To describe the estimtor in cases
involving nultiple independent variables, | use the expression for the CLS
estimator derived by partitioning the full set of independent variables into
two conponents with the own price in one and all other specified determnants,

including the unit vector for the intercept, in the other. Using the

expressions for a partitioned inverse of the nmonent matrix for the independent
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variables and the cross monment with the dependent variable, the OLS estimates
of 8 are given by equation (7) and the AMMSE using OLS to estimte azand Bgin

(8).

g = Ehup) ! g (7

where: Z - matrix of other determnants of demand (including a
colum of ones for an intercept).

q - vector of the log of quantity (not in deviation form.

M, =1-2 (zTZ)'lz'r

1 A rs 8
S e @hp s oYh L BT )

ﬁz yA ya

with 02 = OLS estimate of 02.

Wth some substitutions, this can be reduced to equation (9):

- 1 (9)
S - - ————x—
Vﬂ-l-ﬁ )

wher e VB- the estimted variance forg (i.e., o2 (?TMZ?)']')

An argunent similar to that of Farebrother can be used to denpnstrate that the
AWBE is consistent. However, what is likely to be nore relevant for

applications is the performance of this type of estimator in small sanples.

IV. An Illustrative Sanpling Study

To fully describe the conparative perfornance of OLS versus AWMMSE in snall
sanples would require extensive research along the lines of King's recent
experimental conparisons ([1988a], [1988b]) of random utility versus

conventional travel cost demand nodels. This is beyond the scope of this
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paper, SO Table 2 offers instead a limted set of experinents that may suggest
some of the issues that need to be considered in inproving estinmates of
consuner surplus from travel cost demand nodels.

Four paraneterizations of each nodel were considered. Two were
hypot hetical and inply values for s at either end of the range from nost
applications. Two correspond to actual estimates for water-based recreation
sites taken from Snith and Desvousges [1986]. The key demand parametar for
each is reported in the colum headings for Table 2 (the intercept was held
fixed at 2.33). Each experinment involves 500 independent replications where
OLS and AMMBE (with the OLS estimates as the starting values) are applied to
the task of estimating s using sanples of 100 observations. The true nodels
include only the travel cost. A fixed set of 100 values for travel cost was
drawn using the absolute values of random variates drawn from a norma
distribution with a mean of 20 and standard deviation of 28. These were
invariant across replications and experinments. The error was assunmed to be an
i ndependent normal centered at zero with a standard deviation of 5.

Table 2 summarizes the results of these experiments. As Adranmowicz et al
suggested and results described as part of the discussion of Table 1 inply,
under controlled conditions the O.S estimates of the seni-log demand node
(even when it is the correct form) lead to quite variable consuner surplus
estimates. This pattern becomes nmore pronounced as the absolute magnitude of
the price coefficient declines and the corresponding consumer surplus per unit
increases. However, two potentially inportant qualifications to this pattern
seem to warrant further study.

First, the overall pattern (across the 500 replications) for the estimator

desi gned based on the MSE of the consuner surplus per unit is superior to Q.S
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TABLE 2: Small Sanple Properties of OLS and AMVBE: Sone Illustrative Experinments?
B- B - .0473 g - .0125 B - 005
S - s - $21.14 s - $80.00 s - $200.00
oS as AMVSE aLs AMVBE as AANVSE
Al Replications
Mean 2.01 20. 34 3 22.65 3 -82.9% 8.17 4 -37.77. 0.34 4
MSE 1.2x10 6.8x10" 4.7x10 1. 3x10 5. 2x10 2.7x1é 8. 2x10
n 500 500 500
Postive Val ues of
s for QS
Mean 2.01 31.83 3 32.25 3 85. 80 4 92.82 4 105'7%&1103'24‘4
MSE 1.2x10 2.3x10° 2.3x10 1.4x10" 2.0x10 3.3x10° 3.2x10
n 474 336 273
Positive Val ues of
s for AWVSE
Mean 2.01 30. 49 3 32. 32 3 79. 64 3 93. 66 " 88.75 4 105'564
MSE 1.2x10 1.5x10° 2. 3x10 9.4x10° 2.0x10 2.3x10 " 3.2x10
n 473 333 267

%The demand intercept used in these experinents was 2.33. n designates the

nunber of replications used in the summary statistics for each experinent.



for small values of B8 , considering both the estimted MSE and the bias.
I ndeed, the average OLS estimate for CS/q is negative (because of large
negative outlying estimates for s). AMVSBE exhibits conmparable performance to
CLS for the lowest values of s considered. |t dominates OLS in ternms of
estimated MSE for s = $21 and based on MSE and bias for larger values of s.

Second, these results are sensitive to the assumed procedure (i.e.
pretesting/estinmation strategy) that any summary of the sanpling results
assumes anal ysts would use in evaluating the nodels involved. It is unlikely
that positive estimates of the own price effect would be accepted in nost
applied work. Because these estimates are what give rise to the outlying
negative CS/q estimates for OLS (and AMMSE), a different performance pattern
emerges if we screen estimates and assume these would be rejected. The second
and third sets of results report the summary statistics for OLS and AMVBE when
only positive estimates of CS/q are retained to approximte the sanpling
distributions. As the nunber of replications (n) indicates, negative estimates
for CS/q becone nore inportant as the size of A declines.

Now the QLS performance pattern is less negative (and concern over the use
of the senmi-log less dramatic). OLS remins superior to AMMSBE (regardless of
which is used to screen the sanples) until the experinent with the [argest true

value for s. Here the record is approximately conparable.

V. Inplications

Frequently the applied researcher is warned that data mining, pretesting,
or equivalently the active use of judgnent in the evaluation of enpirical
nodels is to be avoided because with this practice, one violates the

assunptions of classical inference and cannot claim conventional properties for
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the resulting estimates. Wiile the analytical results underlying this
adnonition are certainly correct, they inply the sanpling properties of the
resulting estimators will be different than those attributed to the
conventional ("pure") fornulations. At a general level, this analysis has
suggested that "different" may not nean "worse" in all cases. This may be
especially true for nonlinear transformations of the estimtes where judgnent
can elinmnate cases that are obviously inconsistent with the theory underlying
t he nodel . 7

A conclusion nore specific to nmy objective is that there seens to be a
role for devel oping estimators based on the econom ¢ parameter of interest.
This strategy contrasts with one that considers the overall fit of general
behavioral nodels or the properties of all parameters in these nodels. There
are conditions (and in the case of travel cost recreation demands they
correspond to a wide range of applications) in which the approximte (linear)
m ni mum nmean squared error estinmator would have superior properties to the QLS
estimate of consuner surplus per unit of use. Wile these results should be
carefully qualified, they do notivate consideration of different strategies for
eval uating the stochastic properties of consumer surplus estimtes. These
al ternative approaches should recogni ze how a nodel's estimates are to be used
and characterize the judgments that are made hefore these estimtes would be

accepted for policy applications.



